
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 



 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 1: Sample of the Recorded RAW EEG Data 

 
 

 
 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

  



 

 

Appendix 2: Cognitive Test Recordings 

   
  

  
 

  
 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        



 

 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        



 

 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        



 

 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        



 

 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        

 

  



 

 

Appendix 3: Brainstorm MATLAB Code: 

% Input files 
sFiles = {... 
    'NewSubject/@rawR1/data_0raw_R1.mat'}; 
  
% Start a new report 
bst_report('Start', sFiles); 
  
% Process: Set bad channels 
sFiles = bst_process('CallProcess', 'process_channel_setbad', sFiles, 
[], ... 
    'sensortypes', 'E04, E05, E06, E07, E08, E09, E10, E11, E12, E13, 
E14, E15, E16, E17, E18, E19, E20, E21, E22, E23, E24, E25, E26, E27, 
E28, E29, E30'); 
  
% Process: Band-pass:0.1Hz-49Hz 
sFiles = bst_process('CallProcess', 'process_bandpass', sFiles, [], 
... 
    'sensortypes', 'EEG', ... 
    'highpass',    0.1, ... 
    'lowpass',     49, ... 
    'tranband',    0, ... 
    'attenuation', 'strict', ...  % 60dB 
    'ver',         '2019', ...  % 2019 
    'mirror',      0, ... 
    'read_all',    0); 
  
% Process: Detect eye blinks 
sFiles = bst_process('CallProcess', 'process_evt_detect_eog', sFiles, 
[], ... 
    'channelname', 'E01', ... 
    'timewindow',  [], ... 
    'eventname',   'B'); 
  
% Process: SSP EOG: B 
sFiles = bst_process('CallProcess', 'process_ssp_eog', sFiles, [], ... 
    'eventname',   'B', ... 
    'sensortypes', 'EEG', ... 
    'usessp',      1, ... 
    'select',      1); 
  
% Process: Power spectrum density (Welch) 
sFiles = bst_process('CallProcess', 'process_psd', sFiles, [], ... 
    'timewindow',  [], ... 
    'win_length',  1, ... 
    'win_overlap', 50, ... 
    'units',       'physical', ...  % Physical: U2/Hz 
    'sensortypes', 'EEG', ... 
    'win_std',     1, ... 
    'edit',        struct(... 
         'Comment',         'Power,FreqBands', ... 
         'TimeBands',       [], ... 
         'Freqs',           {{'delta', '0.1, 4', 'mean'; 'theta', '4, 
8', 'mean'; 'alpha', '8, 13', 'mean'; 'beta', '13, 30', 'mean'; 
'gamma', '30, 49', 'mean'}}, ... 
         'ClusterFuncTime', 'none', ... 
         'Measure',         'power', ... 
         'Output',          'all', ... 
         'SaveKernel',      0)); 



 

 

% Save and display report 
ReportFile = bst_report('Save', sFiles); 
bst_report('Open', ReportFile); 
% bst_report('Export', ReportFile, ExportDir); 
 

  



 

 

Appendix 4: Brainstorm Output Sample 

  

  

     

     

       

       

       

      

  



 

 

Appendix 5: BLINK Python Code: 

from PyQt5.QtCore import * 
from PyQt5.QtGui import * 
from PyQt5.QtWidgets import * 
import sys 
from configparser import ConfigParser 
import pandas as pd 
 
import os 
import numpy as np 
from scipy.signal import * 
import matplotlib 
import matplotlib.pyplot as plt 
 
from scipy.cluster.hierarchy import linkage 
from scipy.cluster.hierarchy import fcluster 
 
 
from scipy.interpolate import interp1d 
 
 
class App(QWidget): 
 
    def __init__(self): 
        super().__init__() 
 
        self.title = 'Blinks' 
        self.width = 324 
        self.height = 330 
        self.initUI() 
        self.filename = str() 
 
        # Destination Folder Path 
        self.dump_folder = "./Dump/" 
 
        # Algorithm Parameteres 
 
        self.running_std = None 
        self.data_len = None 
 
        # data_path = os.getcwd() 
        self.mode = True  # mode True means EEG-IO, otherwise v/r 
(EEG-VV or EEG-VR) data 
        self.data_path = './data/EEG-VV/'  # or replace w/ EEG-VR 
        self.file_idx = 1 
 
        self.fs = 250.0 
        self.chan_id = 1 
 
        self.flag_soft = True  # if True, consider soft blinks as 
ground truth 
 
        self.blink_len_max = 2.0  # in seconds 
        self.blink_len_min = 0.2  # in seconds 
 
        self.delta_init = 100  # in uvolts 
 
        self.corr_threshold_1 = 0.2 
        self.corr_threshold_2 = 0.7 
 



 

 

        self.std_threshold_window = int(5 * self.fs)  # %  in seconds 
- for each direction
 
    def initUI(self): 
        self.setWindowTitle(self.title) 
        self.resize(324, 330) 
        self.setFixedSize(self.width, self.height) 
 
        self.select_file = QPushButton("Select File", self) 
        self.select_file.clicked.connect(self.openFileNameDialog) 
        self.select_file.setGeometry(QRect(90, 40, 141, 41)) 
        # self.select_file.resize(170, 40) 
        # self.select_file.move(95, 35) 
 
        self.file_name = QLabel(self) 
        self.file_name.setAlignment(Qt.AlignCenter) 
        self.file_name.setGeometry(QRect(90, 100, 141, 20)) 
        # self.file_name.resize(170, 40) 
        # self.file_name.move(95, 100) 
 
        self.progressBar = QProgressBar(self) 
        self.progressBar.setGeometry(QRect(90, 160, 141, 31)) 
        self.progressBar.setProperty("value", 0) 
        self.progressBar.setObjectName("progressBar") 
 
        self.upload_btn = QPushButton("Upload", self) 
        self.upload_btn.clicked.connect(self.generate_blinks) 
        self.upload_btn.setGeometry(QRect(90, 220, 141, 41)) 
        # self.upload_btn.resize(170, 40) 
        # self.upload_btn.move(95, 250) 
 
        self.show() 
 
    @staticmethod 
    def lowpass(sig, fc, fs, butter_filt_order): 
        B, A = butter(butter_filt_order, np.array(fc) / (fs / 2), 
btype='low') 
        return lfilter(B, A, sig, axis=0) 
 
    def compute_running_std(self, data_sig, chan_id, fs): 
        # Find running std 
        std_length = int(0.5 * fs)  # in seconds 
 
        running_std = np.zeros([self.data_len, 1]) 
        idx = 0 
        while (idx < len(data_sig) - std_length): 
            running_std[idx] = np.std(data_sig[idx:(idx + std_length), 
chan_id]) 
            idx = idx + 1 
        running_std[idx:-1] = running_std[idx - 1] 
 
        # fixing the corrupted signal's std 
        for idx in range(self.data_len): 
            if running_std[idx] < 1: 
                l_index_lhs = max(0, idx - std_length) 
                l_index_rhs = max(0, (idx - std_length - 2 * 
self.std_threshold_window - int(fs))) 
                r_index_lhs = min(self.data_len, idx + std_length) 
                r_index_rhs = max(0, idx - std_length - int(fs)) 
                running_std[l_index_lhs:r_index_lhs] = 
min(running_std[l_index_rhs:r_index_rhs]) 



 

 

                idx = idx + std_length - 1 

        return running_std 
 
    @staticmethod 
    def args_init(delta_uV): 
        args = {} 
        args['mintab'], args['maxtab'] = [], [] 
        args['mn'], args['mx'] = float("inf"), -1 * float("inf") 
        args['mnpos'], args['mxpos'] = None, None 
        args['min_left'], args['min_right'] = [], [] 
        args['lookformax'] = True 
        args['delta'] = delta_uV 
        return args 
 
    @staticmethod 
    def peakdet(time, value, args): 
        foundMin = False 
        if value > args['mx']: 
            args['mx'] = value 
            args['mxpos'] = time 
        if value < args['mn']: 
            args['mn'] = value 
            args['mnpos'] = time 
        if args['lookformax']: 
            if value < args['mx'] - args['delta']: 
                args['maxtab'].append([args['mxpos'], args['mx']]) 
                args['mn'] = value 
                args['mnpos'] = time 
                args['lookformax'] = False 
        else: 
            if value > args['mn'] + args['delta']: 
                args['mintab'].append([args['mnpos'], args['mn']]) 
                args['min_left'].append([-1, -1]) 
                args['min_right'].append([-1, -1]) 
                args['mx'] = value 
                args['mxpos'] = time 
                args['lookformax'] = True 
                foundMin = True 
        return foundMin 
 
    def find_expoints(self, stat_min2, data_sig, chan_id): 
        # Parameters 
        offset_t = 0.00  # in seconds 
        win_size = 25 
        win_offset = 10 
        search_maxlen_t = 1.5  # in seconds 
 
        offset_f = int(offset_t * self.fs) 
        search_maxlen_f = int(search_maxlen_t * self.fs) 
        iters = int(search_maxlen_f / win_offset) 
 
        data_len = len(data_sig) 
        p_blinks_t, p_blinks_val = [], [] 
        for idx in range(len(stat_min2)): 
            # x_indR and x_indL are starting points for left and right 
window 
            x_indR = int(self.fs * stat_min2[idx, 0]) + offset_f 
            x_indL = int(self.fs * stat_min2[idx, 0]) - offset_f 
            start_index = max(0, int(self.fs * stat_min2[idx, 0]) - 
self.std_threshold_window) 



 

 

            end_index = min(int(self.fs * stat_min2[idx, 0]) + 
self.std_threshold_window, data_len)
            stable_threshold = 2 * 
min(self.running_std[start_index:end_index]) 
            min_val = stat_min2[idx, 1] 
            max_val = min_val 
            found1, found2 = 0, 0 
            state1, state2 = 0, 0 
 
            for iter in range(iters): 
                if (x_indR + win_size > data_len): 
                    x_indR = x_indR - (x_indR + win_size - data_len) 
                if (x_indL < 0): 
                    x_indL = 0 
                if (np.std(data_sig[x_indR:x_indR + win_size, 
chan_id]) < stable_threshold) and state1 == 1 and \ 
                        data_sig[x_indR, chan_id] > min_val: 
                    found1 = 1 
                    max_val = max(data_sig[x_indR, chan_id], max_val) 
                if (np.std(data_sig[x_indL:x_indL + win_size, 
chan_id]) < stable_threshold) and state2 == 1 and \ 
                        data_sig[x_indL + win_size, chan_id] > 
min_val: 
                    found2 = 1 
                    max_val = max(data_sig[x_indL + win_size, 
chan_id], max_val) 
                if (np.std(data_sig[x_indR:x_indR + win_size, 
chan_id]) > 2.5 * stable_threshold) and state1 == 0: 
                    state1 = 1 
                if (np.std(data_sig[x_indL:x_indL + win_size, 
chan_id]) > 2.5 * stable_threshold) and state2 == 0: 
                    state2 = 1 
                if (found1 == 1) and data_sig[x_indR, chan_id] < 
(max_val + 2 * min_val) / 3: 
                    found1 = 0 
                if (found2 == 1) and data_sig[x_indL + win_size, 
chan_id] < (max_val + 2 * min_val) / 3: 
                    found2 = 0 
                if (found1 == 0): 
                    x_indR = x_indR + win_offset 
                if (found2 == 0): 
                    x_indL = x_indL - win_offset 
                if found1 == 1 and found2 == 1: 
                    break 
            if found1 == 1 and found2 == 1: 
                if (x_indL + win_size) / self.fs > stat_min2[idx, 0]: 
                    p_blinks_t.append([(x_indL) / self.fs, 
stat_min2[idx, 0], x_indR / self.fs]) 
                    p_blinks_val.append([data_sig[x_indL, chan_id], 
stat_min2[idx, 1], data_sig[x_indR, chan_id]]) 
                else: 
                    p_blinks_t.append([(x_indL + win_size) / self.fs, 
stat_min2[idx, 0], x_indR / self.fs]) 
                    p_blinks_val.append( 
                        [data_sig[x_indL + win_size, chan_id], 
stat_min2[idx, 1], data_sig[x_indR, chan_id]]) 
 
        p_blinks_t = np.array(p_blinks_t) 
        p_blinks_val = np.array(p_blinks_val) 
 
        return p_blinks_t, p_blinks_val 



 

 

 
@staticmethod

    def compute_correlation(p_blinks_t, data_sig, chan_id, fs): 
        total_p_blinks = len(p_blinks_t) 
        corr_matrix = np.ones([total_p_blinks, total_p_blinks]) 
        pow_matrix = np.ones([total_p_blinks, total_p_blinks]) 
        for idx_i in range(total_p_blinks): 
            for idx_j in range(idx_i + 1, total_p_blinks): 
 
                blink_i_left = data_sig[int(fs * p_blinks_t[idx_i, 
0]):int(fs * p_blinks_t[idx_i, 1]), chan_id] 
                blink_i_right = data_sig[int(fs * p_blinks_t[idx_i, 
1]):int(fs * p_blinks_t[idx_i, 2]), chan_id] 
 
                blink_j_left = data_sig[int(fs * p_blinks_t[idx_j, 
0]):int(fs * p_blinks_t[idx_j, 1]), chan_id] 
                blink_j_right = data_sig[int(fs * p_blinks_t[idx_j, 
1]):int(fs * p_blinks_t[idx_j, 2]), chan_id] 
 
                left_interp = interp1d(np.arange(blink_i_left.size), 
blink_i_left) 
                compress_left = left_interp(np.linspace(0, 
blink_i_left.size - 1, blink_j_left.size)) 
                right_interp = interp1d(np.arange(blink_i_right.size), 
blink_i_right) 
                compress_right = right_interp(np.linspace(0, 
blink_i_right.size - 1, blink_j_right.size)) 
 
                sigA = np.concatenate((compress_left, compress_right)) 
                sigB = np.concatenate((blink_j_left, blink_j_right)) 
 
                corr = np.corrcoef(sigA, sigB)[0, 1] 
                corr_matrix[idx_i, idx_j] = corr 
                corr_matrix[idx_j, idx_i] = corr 
 
                if np.std(sigA) > np.std(sigB): 
                    pow_ratio = np.std(sigA) / np.std(sigB) 
                else: 
                    pow_ratio = np.std(sigB) / np.std(sigA) 
 
                pow_matrix[idx_i, idx_j] = pow_ratio 
                pow_matrix[idx_j, idx_i] = pow_ratio 
 
        return corr_matrix, pow_matrix 
 
    def generate_blinks(self): 
        source = self.filename 
        file_sig = self.file_name.text() 
        print("File Name: ", file_sig) 
 
        # Loading Data 
 
        data_sig = np.loadtxt(open(source, "rb"), delimiter=",", 
skiprows=5, 
                              usecols=(0, 1, 2)) 
        data_sig = data_sig[0:(int(300 * self.fs) + 1), :] 
        data_sig = data_sig[:, 0:3] 
        data_sig[:, 0] = np.array(range(0, len(data_sig))) / self.fs 
 
        # Step1: Low Pass Filter 
        data_sig[:, 1] = self.lowpass(data_sig[:, 1], 10, self.fs, 4) 



 

 

        data_sig[:, 2] = self.lowpass(data_sig[:, 2], 10, self.fs, 4) 

        time_min = data_sig[0, 0] 
        time_max = data_sig[-1, 0] 
 
        self.data_len = len(data_sig) 
 
        #################################################### 
 
        args_chan1 = self.args_init(self.delta_init) 
 
        self.running_std = self.compute_running_std(data_sig, 
self.chan_id, self.fs) 
        for idx in range(len(data_sig[:, 0])): 
            self.peakdet(data_sig[idx, 0], data_sig[idx, 
self.chan_id], args_chan1) 
 
        min_pts = np.array(args_chan1['mintab']) 
        p_blinks_t, p_blinks_val = self.find_expoints(min_pts, 
data_sig, self.chan_id) 
        corr_matrix, pow_matrix = self.compute_correlation(p_blinks_t, 
data_sig, self.chan_id, self.fs) 
 
        # fingerprint 
        blink_fp_idx = np.argmax(sum(corr_matrix)) 
        t = corr_matrix[blink_fp_idx, :] > self.corr_threshold_1 
        blink_index = [i for i, x in enumerate(t) if x] 
 
        blink_template_corrmat = corr_matrix[np.ix_(blink_index, 
blink_index)] 
        blink_template_powmat = pow_matrix[np.ix_(blink_index, 
blink_index)] 
        blink_templates_corrWpower = blink_template_corrmat / 
blink_template_powmat 
 
        blink_var = [] 
        for idx in blink_index: 
            blink_var.append(np.var(data_sig[int(self.fs * 
p_blinks_t[idx, 0]):int(self.fs * p_blinks_t[idx, 2]), self.chan_id])) 
 
        Z = linkage(blink_templates_corrWpower, 'complete', 
'correlation') 
        groups = fcluster(Z, 2, 'maxclust') 
 
        grp_1_blinks_var = [blink_var[i] for i, x in enumerate(groups 
== 1) if x] 
        grp_2_blinks_var = [blink_var[i] for i, x in enumerate(groups 
== 2) if x] 
        if np.mean(grp_1_blinks_var) > np.mean(grp_2_blinks_var): 
            selected_group = 1 
        else: 
            selected_group = 2 
        template_blink_idx = [blink_index[i] for i, x in 
enumerate(groups == selected_group) if x] 
 
        # computing delta new 
        delta_new = 0 
        for idx in template_blink_idx: 
            delta_new = delta_new + min(p_blinks_val[idx, 0], 
p_blinks_val[idx, 2]) - p_blinks_val[idx, 1] 
        delta_new = delta_new / len(template_blink_idx) 



 

 

 
# 2nd pass

 
        args_chan1 = self.args_init(delta_new / 3.0) 
 
        for idx in range(len(data_sig[:, 0])): 
            self.peakdet(data_sig[idx, 0], data_sig[idx, 
self.chan_id], args_chan1) 
 
        min_pts = np.array(args_chan1['mintab']) 
        p_blinks_t, p_blinks_val = self.find_expoints(min_pts, 
data_sig, self.chan_id) 
        corr_matrix, pow_matrix = self.compute_correlation(p_blinks_t, 
data_sig, self.chan_id, self.fs) 
 
        s_fc = (sum(corr_matrix)) 
        sort_idx = sorted(range(len(s_fc)), key=lambda k: s_fc[k]) 
 
        t = corr_matrix[sort_idx[-1], :] > self.corr_threshold_2 
        blink_index1 = set([i for i, x in enumerate(t) if x]) 
        t = corr_matrix[sort_idx[-2], :] > self.corr_threshold_2 
        blink_index2 = set([i for i, x in enumerate(t) if x]) 
        t = corr_matrix[sort_idx[-3], :] > self.corr_threshold_2 
        blink_index3 = set([i for i, x in enumerate(t) if x]) 
 
        blink_index = 
list(blink_index1.union(blink_index2).union(blink_index3)) 
 
        blink_template_corrmat = corr_matrix[np.ix_(blink_index, 
blink_index)] 
        blink_template_powmat = pow_matrix[np.ix_(blink_index, 
blink_index)] 
        blink_templates_corrWpower = blink_template_corrmat / 
blink_template_powmat 
 
        blink_var = [] 
        for idx in blink_index: 
            blink_var.append(np.var(data_sig[int(self.fs * 
p_blinks_t[idx, 0]):int(self.fs * p_blinks_t[idx, 2]), self.chan_id])) 
 
        Z = linkage(blink_templates_corrWpower, 'complete', 
'correlation') 
        groups = fcluster(Z, 2, 'maxclust') 
 
        grp_1_blinks_var = [blink_var[i] for i, x in enumerate(groups 
== 1) if x] 
        grp_2_blinks_var = [blink_var[i] for i, x in enumerate(groups 
== 2) if x] 
 
        if np.mean(grp_1_blinks_var) > np.mean(grp_2_blinks_var) and 
np.mean(grp_1_blinks_var) / np.mean( 
                grp_2_blinks_var) > 10: 
            blink_index = [blink_index[i] for i, x in enumerate(groups 
== 1) if x] 
        elif np.mean(grp_2_blinks_var) > np.mean(grp_1_blinks_var) and 
np.mean(grp_2_blinks_var) / np.mean( 
                grp_1_blinks_var) > 10: 
            blink_index = [blink_index[i] for i, x in enumerate(groups 
== 2) if x] 
 
        final_blinks_t = p_blinks_t[blink_index, :] 



 

 

        final_blinks_val = p_blinks_val[blink_index, :] 

        print("Final Blinks:") 
        # print (final_blinks_t) 
 
        final_df = pd.DataFrame(final_blinks_t, columns=["Final 
Blinks", "", ""]) 
        print(final_df) 
 
        destination = 
f"{self.dump_folder}output_{self.file_name.text()}" 
        print("****** Blinks Generated ******") 
 
        final_df.to_csv(destination, index=False) 
        self.progressBar.setValue(100) 
 
    def openFileNameDialog(self): 
        options = QFileDialog.Options() 
        options |= QFileDialog.DontUseNativeDialog 
        self.filename, _ = QFileDialog.getOpenFileName(self, "Upload a 
file", "", 
                                                       "All Files 
(*);;Python Files (*.py)", options=options) 
        if self.filename: 
            name = self.filename.split("/")[-1] 
            self.file_name.setText(name) 
            self.progressBar.setValue(0) 
 
 
if __name__ == '__main__': 
    app = QApplication(sys.argv) 
    app.setStyle("Fusion") 
    ex = App() 
    sys.exit(app.exec_()) 
 

  



 

 

Appendix 6: BLINK Output Sample 

 
   

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 

  



 

 

Appendix 7: Data 

               
               
               
               
                   
                   
               
                   
                   
               
               
               
                   
               
               
               
               
               
               
               
               
               
                   
               
               



 

 

               
               
               
               
               
               
               
               
               
               
               
               
               
                   
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               



 

 

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               



 

 

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               



 

 

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               



 

 

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               



 

 

               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
                   
               
               
               
               
               
               
               
               



 

 

               
               
               
               
               
               
               
               
               
               
               
               
               
               

 

  



 

 

Appendix 8: MATLAB code 

Clearing the Command Window and Workspace 

clc 

clear 

Import m-data from spreadsheet 

opts = spreadsheetImportOptions("NumVariables", 11); 

 

% Specify sheet and range 
opts.Sheet = "RA2m"; 

opts.DataRange = "A2:K237"; 

 

% Specify column names and types 
opts.VariableNames = ["S", "reactionTimeForEachAttemptInMemoryGame", 
"Avg_BlinkDurationInSeconds", "Avg_BlnkInterval", "Avg_Delta", 
"Avg_Theta", "Avg_Alpha", "Avg_Beta", "Avg_Gamma", "x_theta_alpha__beta", 
"MemoryAccuracy"]; 

opts.VariableTypes = ["double", "double", "double", "double", "double", 
"double", "double", "double", "double", "double", "double"]; 

 

% Import the data 
mData = readtable("/MATLAB Drive/Lumosity Data.xlsx", opts, "UseExcel", 
false); 

 

%% Clear temporary variables 
clear opts 

 

% Labeling the Memory Accuracy values to 1 & 0 
mAccuracy=rand(size(mData.MemoryAccuracy)); 

tokeep=mData.MemoryAccuracy<1; 

m_0_count=sum(tokeep) 

mAccuracy(tokeep)=0; 

tokeep=mData.MemoryAccuracy==1; 

m_1_count=sum(tokeep) 

mAccuracy(tokeep)=1; 



 

 

mData = removevars(mData,'MemoryAccuracy');

mData = addvars(mData,mAccuracy); 

 

clear tokeep 

Import a-data from spreadsheet 

opts = spreadsheetImportOptions("NumVariables", 11); 

 

% Specify sheet and range 
opts.Sheet = "RA2a"; 

opts.DataRange = "A2:K237"; 

 

% Specify column names and types 
opts.VariableNames = ["S", "reactionTimeForEachAttemptInAttentionGame", 
"Avg_BlinkDurationInSeconds", "Avg_BlnkInterval", "Avg_Delta", 
"Avg_Theta", "Avg_Alpha", "Avg_Beta", "Avg_Gamma", "x_theta_alpha__beta", 
"AttentionAccuracy"]; 

opts.VariableTypes = ["double", "double", "double", "double", "double", 
"double", "double", "double", "double", "double", "double"]; 

 

% Import the data 
aData = readtable("/MATLAB Drive/Lumosity Data.xlsx", opts, "UseExcel", 
false); 

 

%% Clear temporary variables 
clear opts 

 

% Labeling the Attention Accuracy values to 1 & 0 
aAccuracy=rand(size(aData.AttentionAccuracy)); 

tokeep=aData.AttentionAccuracy<1; 

a_0_count=sum(tokeep) 

aAccuracy(tokeep)=0; 

tokeep=aData.AttentionAccuracy==1; 

a_1_count=sum(tokeep) 

aAccuracy(tokeep)=1; 

aData = removevars(aData,'AttentionAccuracy'); 



 

 

aData = addvars(aData,aAccuracy);

 

clear tokeep 
 

Data Pre-Processing 

% Fill missing values 

aData = fillmissing(aData,"movmean",5); 

mData = fillmissing(mData,"movmean",5); 

% Fill outliers by cliping them to quartile thresholds 

aData = filloutliers(aData,"clip","quartiles"); 

mData = filloutliers(mData,"clip","quartiles"); 

% Normalize Data, I have some doubt on this... 

aData = normalize(aData,"range"); 

mData = normalize(mData,"range"); 

 

Classification Model Construction  

k-Nearest Neighbor 

%%% k-Nearest Neighbor accuracy model  

TP = 0; 

TN = 0; 

FN = 0; 

FP = 0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 

 

for i = 1:236 
    dataTest = aData(i,:); 

    dataTrain = aData([1:i-1 i+1:end],:); 

 

    % k-Nearest Neighbor accuracy model  
    mdl = fitcknn(dataTrain, "aAccuracy", "NumNeighbors", 4, "Distance", 
"jaccard");  



 

 

[preds, scr] = predict(mdl, dataTest);

 

    labels = [labels; dataTest.aAccuracy]; 
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.aAccuracy == preds 
        if dataTest.aAccuracy == 0 

            TP = TP + 1; 

        else  

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.aAccuracy ~= preds 
        if dataTest.aAccuracy == 0 

            FN = FN + 1; 

        else  

            FP = FP + 1; 

        end     

    end 

end 

% ConfusionMatrix, accuracy of the model 

confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 

sensitivity = TP / (TP + FN); 

specificity = TN / (FP + TN); 

precision = TP / (TP + FP); 

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 



 

 

xlabel('False Positive Rate');

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 

fig.PaperUnits = 'inches'; 

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('kNN_roc_plot_attention', '-dpng', '-r600'); 

 

% Display results 
fprintf('kNN attention model'); 

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 

fprintf('Precision: %.2f%%\n', precision * 100); 

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 

 

%%% k-Nearest Neighbor memory model  
TP = 0; 

TN = 0; 

FN = 0; 

FP = 0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 



 

 

for i = 1:236 
    dataTest = mData(i,:); 

    dataTrain = mData([1:i-1 i+1:end],:); 

 

    % k-Nearest Neighbor memory model  
    mdl = fitcknn(dataTrain, "mAccuracy", "NumNeighbors", 4, "Distance", 
"jaccard");  

    [preds, scr] = predict(mdl, dataTest); 

 

    labels = [labels; dataTest.mAccuracy]; 
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.mAccuracy == preds 
        if dataTest.mAccuracy == 0 

            TP = TP + 1; 

        else  

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.mAccuracy ~= preds 
        if dataTest.mAccuracy == 0 

            FN = FN + 1; 

        else  

            FP = FP + 1; 

        end     

    end 

end 

 

% ConfusionMatrix, accuracy of the model 
confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 



 

 

sensitivity = TP / (TP + FN);

specificity = TN / (FP + TN); 

precision = TP / (TP + FP); 

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 

xlabel('False Positive Rate'); 

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 

fig.PaperUnits = 'inches'; 

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('kNN_roc_plot_memory', '-dpng', '-r600'); 

 

% Display results 
fprintf('kNN memory model'); 

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 

fprintf('Precision: %.2f%%\n', precision * 100); 

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 



 

 

Decision Tree
%%% Decision Tree accuracy model  

TP = 0; 

TN = 0; 

FN = 0; 

FP = 0; 

bestlevel1=0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 

 

for i = 1:236 
    dataTest = aData(i,:); 

    dataTrain = aData([1:i-1 i+1:end],:); 

 

    % Decision Tree accuracy model  
    mdl=fitctree(aData,"aAccuracy"); 

    [~,~,~,bestlevel] = cvLoss(mdl,... 

    'SubTrees','All','TreeSize','min'); 

    pmdl = prune(mdl,"Level",4); 

    [preds, scr] = predict(pmdl, dataTest); 

 

    labels = [labels; dataTest.aAccuracy]; 
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.aAccuracy == preds 
        if dataTest.aAccuracy == 0 

            TP = TP + 1; 

        else  

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.aAccuracy ~= preds 
        if dataTest.aAccuracy == 0 



 

 

FN = FN + 1;

        else  

            FP = FP + 1; 

        end     

    end 

    bestlevel1=bestlevel+bestlevel1; 

end 

bestlevel_to_prune=bestlevel1/(TP+FN+FP+TN) 

% ConfusionMatrix, accuracy of the model 

confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 

sensitivity = TP / (TP + FN); 

specificity = TN / (FP + TN); 

precision = TP / (TP + FP); 

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 

xlabel('False Positive Rate'); 

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 

fig.PaperUnits = 'inches'; 

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('DT_roc_plot_attention', '-dpng', '-r600'); 



 

 

% Display results 
fprintf('Decision Tree attention model'); 

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 

fprintf('Precision: %.2f%%\n', precision * 100); 

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 

 

%%% Decision Tree memory model  
TP = 0; 

TN = 0; 

FN = 0; 

FP = 0; 

bestlevel1=0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 

 

for i = 1:236 
    dataTest = mData(i,:); 

    dataTrain = mData([1:i-1 i+1:end],:); 

 

    % Decision Tree memory model  
    mdl=fitctree(mData,"mAccuracy"); 

    [~,~,~,bestlevel] = cvLoss(mdl,... 

    'SubTrees','All','TreeSize','min'); 

    pmdl = prune(mdl,"Level",3); 

    [preds, scr] = predict(pmdl, dataTest); 

 



 

 

labels = [labels; dataTest.mAccuracy];
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.mAccuracy == preds 
        if dataTest.mAccuracy == 0 

            TP = TP + 1; 

        else  

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.mAccuracy ~= preds 
        if dataTest.mAccuracy == 0 

            FN = FN + 1; 

        else  

            FP = FP + 1; 

        end     

    end 

    bestlevel1=bestlevel+bestlevel1; 

end 

bestlevel_to_prune=bestlevel1/(TP+FN+FP+TN) 

% ConfusionMatrix, accuracy of the model 

confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 

sensitivity = TP / (TP + FN); 

specificity = TN / (FP + TN); 

precision = TP / (TP + FP); 

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 



 

 

xlabel('False Positive Rate');

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 

fig.PaperUnits = 'inches'; 

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('DT_roc_plot_memory', '-dpng', '-r600'); 

 

% Display results 
fprintf('Decision Tree memory model'); 

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 

fprintf('Precision: %.2f%%\n', precision * 100); 

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 

Support Vector Machines 
%%% Support Vector Machines accuracy model  

TP = 0; 

TN = 0; 

FN = 0; 

FP = 0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 



 

 

for i = 1:236 
    dataTest = aData(i,:); 

    dataTrain = aData([1:i-1 i+1:end],:); 

 

    % Support Vector Machines accuracy model  
    mdl=fitcsvm(aData,"aAccuracy","KernelFunction","polynomial");  

    [preds, scr] = predict(mdl, dataTest); 

 

    labels = [labels; dataTest.aAccuracy]; 
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.aAccuracy == preds 
        if dataTest.aAccuracy == 0 

            TP = TP + 1; 

        else  

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.aAccuracy ~= preds 
        if dataTest.aAccuracy == 0 

            FN = FN + 1; 

        else  

            FP = FP + 1; 

        end     

    end 

end 

% ConfusionMatrix, accuracy of the model 

confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 

sensitivity = TP / (TP + FN); 

specificity = TN / (FP + TN); 



 

 

precision = TP / (TP + FP);

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 

xlabel('False Positive Rate'); 

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 

fig.PaperUnits = 'inches'; 

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('SVM_roc_plot_attention', '-dpng', '-r600'); 

 

% Display results 
fprintf('Support Vector Machines attention model'); 

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 

fprintf('Precision: %.2f%%\n', precision * 100); 

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 

 

%%% Support Vector Machines memory model  



 

 

TP = 0;

TN = 0; 

FN = 0; 

FP = 0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 

 

for i = 1:236 
    dataTest = mData(i,:); 

    dataTrain = mData([1:i-1 i+1:end],:); 

 

    % Support Vector Machines memory model  
    mdl=fitcsvm(mData,"mAccuracy","KernelFunction","polynomial");  

    [preds, scr] = predict(mdl, dataTest); 

 

    labels = [labels; dataTest.mAccuracy]; 
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.mAccuracy == preds 
        if dataTest.mAccuracy == 0 

            TP = TP + 1; 

        else  

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.mAccuracy ~= preds 
        if dataTest.mAccuracy == 0 

            FN = FN + 1; 

        else  

            FP = FP + 1; 

        end     

    end 

end 



 

 

% ConfusionMatrix, accuracy of the model 
confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 

sensitivity = TP / (TP + FN); 

specificity = TN / (FP + TN); 

precision = TP / (TP + FP); 

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 

xlabel('False Positive Rate'); 

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 

fig.PaperUnits = 'inches'; 

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('SVM_roc_plot_memory', '-dpng', '-r600'); 

% Display results 

fprintf('Support Vector Machines memory model'); 

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 



 

 

fprintf('Precision: %.2f%%\n', precision * 100);

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 

Neural Network 
%%% Neural Network accuracy model  

TP = 0; 

TN = 0; 

FN = 0; 

FP = 0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 

 

for i = 1:236 
    dataTest = aData(i,:); 

    dataTrain = aData([1:i-1 i+1:end],:); 

 

    % Neural Network accuracy model  
    mdl=fitcnet(aData,"aAccuracy","LayerSizes",5);  

    [preds, scr] = predict(mdl, dataTest); 

 

    labels = [labels; dataTest.aAccuracy]; 
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.aAccuracy == preds 
        if dataTest.aAccuracy == 0 

            TP = TP + 1; 

        else  

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.aAccuracy ~= preds 
        if dataTest.aAccuracy == 0 



 

 

FN = FN + 1;

        else  

            FP = FP + 1; 

        end     

    end 

end 

% ConfusionMatrix, accuracy of the model 

confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 

sensitivity = TP / (TP + FN); 

specificity = TN / (FP + TN); 

precision = TP / (TP + FP); 

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 

xlabel('False Positive Rate'); 

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 

fig.PaperUnits = 'inches'; 

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('NN_roc_plot_attention', '-dpng', '-r600'); 

 

% Display results 



 

 

fprintf('Neural Network attention model');

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 

fprintf('Precision: %.2f%%\n', precision * 100); 

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 

 

%%% Neural Network memory model  
TP = 0; 

TN = 0; 

FN = 0; 

FP = 0; 

scores = []; % Store predicted scores 

labels = []; % Store true labels 

 

for i = 1:236 
    dataTest = mData(i,:); 

    dataTrain = mData([1:i-1 i+1:end],:); 

 

    % Neural Network memory model  
    mdl=fitcnet(mData,"mAccuracy","LayerSizes",5);  

    [preds, scr] = predict(mdl, dataTest); 

 

    labels = [labels; dataTest.mAccuracy]; 
    scores = [scores; scr(2)]; % Assuming the positive class is 1 

 

    if dataTest.mAccuracy == preds 
        if dataTest.mAccuracy == 0 

            TP = TP + 1; 



 

 

else 

            TN = TN + 1; 

        end     

    end 

 

    if dataTest.mAccuracy ~= preds 
        if dataTest.mAccuracy == 0 

            FN = FN + 1; 

        else  

            FP = FP + 1; 

        end     

    end 

end 

 

% ConfusionMatrix, accuracy of the model 
confusion_matrix = [TP, FN; FP, TN]; 

accuracy = (TP + TN) / (TP+FN+FP+TN); 

% Sensitivity, Specificity, Precision, F1 Score for aAccuracy 

sensitivity = TP / (TP + FN); 

specificity = TN / (FP + TN); 

precision = TP / (TP + FP); 

f1_score = 2 * (precision * sensitivity) / (precision + sensitivity); 

 

% Plot ROC curve 
 [X, Y, ~, AUC] = perfcurve(labels, scores, 1); 

plot(X, Y); 

xlabel('False Positive Rate'); 

ylabel('True Positive Rate'); 

title('Receiver Operating Characteristic (ROC) Curve'); 

legend(['AUC = ', num2str(AUC)]); 

hold off; 

% Set figure properties 

fig = gcf; 



 

 

fig.PaperUnits = 'inches';

fig.PaperPosition = [0 0 8 6]; % Adjust the size as per your requirement 
(8x6 inches in this case) 

fig.PaperPositionMode = 'manual'; 

% Save the plot with 600dpi resolution 

print('NN_roc_plot_memory', '-dpng', '-r600'); 

 

% Display results 
fprintf('Neural Network memory model'); 

fprintf('Confusion Matrix:\n'); 

disp(confusion_matrix); 

fprintf('Accuracy: %.2f%%\n', accuracy * 100); 

fprintf('Specificity: %.2f%%\n', specificity * 100); 

fprintf('Sensitivity: %.2f%%\n', sensitivity * 100); 

fprintf('Precision: %.2f%%\n', precision * 100); 

fprintf('F1 Score: %.2f\n', f1_score); 

fprintf('Area Under the Curve (AUC): %.2f\n', AUC); 

 

 

  


